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Methods: Data from the 2013-2014 National Health and Nutrition Examination Survey 
(NHANES) was analyzed for adults above age 40 with 3669 participants with taste and 3691 
participants with smell disorders. Smoking status, based upon a history of smoking in the past 5 
days was classified as ‘No tobacco smoking’, ‘E-cigs’, ‘Cigarettes’, and ‘Cigar/Hookah/Pipe’ 
and ‘Smokeless tobacco’. The outcome measure was having taste disorder or smell disorder 
determined by answering ‘yes’ to self-reported taste or smell questionnaires respectively. This 
information was collected by trained interviewers using the Computer-Assisted Personal 
Interviewing (CAPI) system. Chi-square and multivariate logistic regression analyses were 
done with SAS 9.4 using survey weights to account for the complex sampling design. Odds 
ratios (OR) for taste or smell disorder to those without the respective disorder were compared 




Results: Individuals with taste disorders were more likely to be Mexican American, 40-49.5 
yrs., with a history of persistent cold/flu, dry mouth, or cancer. Both smokeless tobacco (OR 
=2.59) and E-cig (OR =2.30) users showed significantly higher odds of having taste disorders 
compared to non-smokers. Participants with smell disorder were more likely to be female, 
non-Hispanic black/other Hispanics with a history of dry mouth, tonsillectomy, head injury, 
or sinus infections. For smell disorders, Cigar/Hookah/Pipes showed significantly higher odds 
compared to non-smokers (OR = 2.13). 
 
Conclusion: This cross- sectional study suggests that E-cigs use is significantly 
associated with taste disorders, whereas Cigar/Hookah/Pipe use is found to be 
significantly associated with higher odds of having smell disorders.
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Electronic Cigarettes, also known as E-cigarettes (E-cigs) or vaping products, are the most 
common smoking products used by youth. In 2019, approximately 35 million people 
worldwide were estimated to use e-cigarettes. The global market for electronic cigarettes is 
still small as compared to conventional tobacco cigarettes; however, the market is 
expected to grow rapidly. In 2018, worldwide sales of electronic cigarettes reached more 
than $15.7 billion, compared to $713 billion for conventional cigarettes. By 2023, the sales 
of vaping products are projected to more than double to $40 billion, while cigarette sales 
are expected to decline slightly (Besaratinia & Tommasi, 2019). E-cigarettes are known by 
many different names. They are also called as “E-cigs,” “e-hookahs,” “mods,” “vape 
pens,” “vapes,” “tank systems,” and “electronic nicotine delivery systems (ENDS). 
Electronic cigarettes (E-cigarettes) are the most used tobacco products by youths and may 
lead to use of other tobacco products. In 2015, most of adult E-cigs users aged 45 years 
and older were either current smokers or former cigarette smokers, while 1.3% had never 
smoked cigarettes. On the other hand, among current E-cigarette users between age18–24 
years, 40.0% were never cigarette smokers (Creamer, 2019). E-cigarettes are very popular 
among school students as well. In 2020, 3.6 million U.S. middle and high school students 
used e-cigarettes in the past 30 days (Wang, 2020). 
According to the 2016 US Surgeon General’s report, E-cigs have many adverse health effects. 
Most E-cigs contain nicotine, which is highly addictive. Nicotine is considered as a health threat 
for pregnant women and developing fetuses. Nicotine-exposed children tend to have several 




neurologic systems. It is not uncommon to see poor academic performance and behavioral 
disorders such as ADHD, aggressive behaviors, and future substance abuse in these children 
(Holbrook, 2016). The base constituents of e-liquids, i.e., propylene glycol and vegetable 
glycerin produce reactive carbonyls on thermal decomposition, producing chemicals such as 
acrolein, formaldehyde, and acetaldehyde, which have respiratory toxicities (Clapp & Jaspers, 
2017). Additionally, flavored E-cigarettes contains chemicals such as diacetyl, 2,3-pentanedione 
and acetoin (Allen et al., 2016), which have been linked to bronchiolitis obliterans and other 
severe respiratory diseases (Kerger & Fedoruk, 2015).  
 A systematic review to evaluate the adverse effects of E-cigs on oral health found that use of E-
cigarettes is associated with increased plaque index, probing depth, clinical attachment loss, and 
peri-implant bone loss as compared to conventional smokers (Ralho et al., 2019). In addition, 
different oral lesions such as nicotinic stomatitis, angular cheilitis, and hairy tongue were also 
more prevalent in E-cigarette users as compared to conventional smokers (Ralho et al., 2019). E-
cigarettes also interact with C. albicans and promote their attachment to gingival epithelial cells, 
and therefore, increase the risk of oral candidiasis (Alanazi et al., 2019). A cross-sectional study 
on E-cigarette use and self-reported oral symptoms among adolescents concluded that e-
cigarettes could be a risk factor for cracked or broken teeth and tongue and/or inside-cheek pain 
(Cho, 2017). E-cigarette use leads to decreased lysozyme and lactoferrin levels in the saliva. 
Lysozyme causes lysis of bacterial cell wall, while lactoferrin has immunomodulatory and anti-
inflammatory effects on the oral environment. Hence, E-cigarette use leads to alterations in the 




According to the National Institute on Deafness & Other Communicable Disorders 2013 report, 
every year more than 200,000 people visit a physician for problems with their ability to taste or 
smell. Scientists believe that almost 15 percent of adults have a taste or smell problem, however 
many of them do not seek a doctor’s help for these disturbances. Taste disorders can have a 
negative effect on health and quality of life. Some people experience hypoguesia, a condition 
with reduced ability to taste sweet, sour, bitter, salty, and umami, and some people experience 
ageusia, which is an inability to detect any taste. Loss of taste can create some serious health 
issues. It can cause too much intake of sugar or salt to make food taste better. This can be a 
problematic for people with certain medical conditions, such as diabetes or high blood pressure, 
who are advised to reduce consumption of these nutrients. In severe cases, loss of taste can lead 
to depression. 
Taste disorders can be genetic. However, most taste disorders develop after an illness or injury. 
Conditions such as head injury, upper respiratory, middle ear infections, infection with SARS-
Cov-2, head and neck radiation therapy for cancers, exposure to certain chemicals found in 
cigarettes, such as insecticides and some medications can lead to taste disorders. Surgeries to the 
ear, nose, and throat (such as middle ear surgery) or extraction of the third molar (wisdom tooth), 
and poor oral hygiene can also lead to taste disorders. 
The systematic review of the association of E-cigs with head and neck cancers concluded that E-
cigs lead to increased oxidative stress and related DNA damage in bench studies. Hence, E-cigs 
may play a role in head & neck cancers (Flach et al., 2019). Another study on the molecular 
pathway and functional network analyses found "cancer" as the top disease associated with the 




E-Cigs are being promoted by the manufacturers as safer alternatives to conventional cigarettes. 
In recent years, use of electronic cigarettes has increased significantly and dental clinicians are 
likely are treat to more patients who are E-cig users. A systematic review and meta-analysis of 
the current literature found that current smoking is associated with significantly increased risk of 
olfactory dysfunction (Ajmani et al., 2017). Hence, it is important to observe any alterations in 
smell with the use of E-cigarettes before using them as alternative to conventional cigarettes. The 
oral cavity is the first point of contact of E-cigs aerosols; yet the literature on the oral health 
effects E-cigs use is sparse. Therefore, it is important to study the effect of E-cigs use on oral 
health issues such as taste disorders. Our study aims to assess the harmful effects of E-cigs use 
compared to other forms of smoking in terms of taste or smell disorders.  
METHODS  
Our study is a population based cross-sectional survey, analyzing data from the 2013-2014 
National Health and Nutrition Examination Survey (NHANES) cycle. NHANES is a series of 
cross-sectional, nationally representative health examination surveys conducted by the Centers 
for Disease Control and Prevention’s (CDC) National Center for Health Statistics (NCHS) to 
evaluate the health of the U.S. civilian noninstitutionalized population. Each survey period of 
NHANES involves the use of a stratified, multistage probability sampling design to select 
participants. NHANES collects data by means of a personal interview at the participant’s home, 
a health examination at a Mobile Examination Center (MEC) and laboratory analyses. The 
NHANES interview is comprised of demographic, socioeconomic, dietary, and health-related 
questions. 2013-2014 NHANES is the most current data set that includes information on both the 
exposure (recent tobacco use) and outcome variables (smell, taste disorders) for this study. This 




Assisted Personal Interviewing (CAPI) system. The recent tobacco use data provides information 
on use of e-cigarettes, cigarettes, pipes, cigars, and other forms of tobacco as well as nicotine 
replacement therapies in the past 5 days. The Taste & Smell Questionnaire provides information 
on self-reported taste and smell ability, selected symptoms of and medical treatment for taste and 
smell disorders, and data on conditions that may represent risk factors for taste and smell 
disorders. Our study was approved by the Institutional Review Board at Boston University.  
Study population. We used data from the 2013-2014 NHANES cycle, and our final study 
population was restricted to participants who had responded to taste and smell disorders (asked 
of study subjects at least 40 years old), and for whom we had demographic, and taste or smell 
alteration questionnaire data available from NHANES.  
Variables.  The primary outcomes of interest were having taste or smell disorder. Self-reported 
Taste disorder questions were (‘Had problem with taste past 12 months’; ‘Change in ability to 
Taste Salt since age 25’; ‘Change in ability to Taste Sourness since age 25’; ‘Change in ability to 
Taste Sweetness since age 25’; ‘Change in ability to Taste Bitterness since age 25’; ‘Change in 
ability to taste 
food flavors?’; and ‘persistent taste in mouth past 12 months’; Taste disorder (T) coding was 
based on reporting ‘yes’ to any of the taste disturbance questions, and ‘no’ responses were coded 
as no T disorder. Participants were also asked whether they had any smell disorders (‘Had 
problem with smell past 12 months?’; ‘Had change ability to smell since age 25’; ‘Smells bother 
you, but not others’; ‘Had phantom odor?). Participants were coded as having a taste or smell 
disorder if they answered ‘yes’ to having any of taste or smell disorders, and ‘no’ if they did not 




Our independent variable was smoking status, which was determined by participants’ self-
reported response to the questions, ‘smoked last 5 days?’ and ‘Used last 5 days - Cigarettes’; 
‘Used last 5 days - pipes’; ‘Used last 5 days – Hookahs’; ‘Used last 5 days- E-Cigarettes’; ‘Used 
smokeless tobacco 5 days’. Different smoking categories used in our study based upon reported 
use of tobacco products in the past 5 days were ‘No tobacco smoking’, ‘E-cigs’, ‘Cigarettes’, and 
‘Cigar/Hookah/Pipe’ and ‘Smokeless tobacco’. Individuals who replied ‘yes’ to multiple forms 
of smoking were coded as ‘yes’ for each form. 
Covariates. Demographic variables used in our study included age, sex, education, 
race/ethnicity, and ratio of family income to poverty. Age was categorized as 40-49.5 yrs., 50-
59.5 yrs., 60-69.5 yrs., and 70-79.5 yrs. Education was classified as less than high school, high 
school or equivalent, and college graduate or above. Race/ethnicity groups included Mexican 
American, other Hispanic, non-Hispanic white, non-Hispanic black, or others including multi-
racial. The ratio of family income to the federal poverty level was categorized as low-income 
(<1.67), moderate-income (>=1.68 to <=3.33) or high-income (>=3.34). 
 
Behavioral information included alcohol consumption and was assessed by the questions 
‘In the past 12 months, how often did you drink any type of alcoholic beverage?’, ‘How 
many days per week/month/year did you drink alcohol?’, and ‘On those days that you 
drank alcoholic beverages, on the average, how many drinks did you have?’ Alcohol 
drinking in the past 12 months was categorized into 2 groups: Individuals were coded as 
being Infrequent alcohol drinking if they consumed no alcoholic drinks, or if they 
consumed less than 1 alcoholic drink per week. Individuals were coded as being weekly 




risk variables for developing taste & smell disorders were assessed by the questions - 
‘Persistent cold/flu in last 12 months?’,  ‘Had persistent dry mouth in past 12 months?’, 
‘Frequent nasal congestion in past 12 months’, , ‘Ever had wisdom teeth removed’, ‘Ever 
had tonsils removed?’, ‘Head Injury/ loss of consciousness’, ‘ Broke Nose/Serious Injury 
to Face/Skull’, ‘Ever had two or more sinus infections?’, ‘Ever had 3 or more ear 
infections?’, ‘ Ever had a tube placed in your ear?’, and ‘Ever told you had cancer or 
malignancy?’ answered as ‘Yes’ or ‘No’. 
Data analysis. We performed all statistical analyses using statistical software SAS 
(Version 9.4, SAS Institute, Cary, N.C). All procedures were weighted to account for 
oversampling, nonresponse, and other survey design features. An initial bivariate analysis 
using chi-square test was done to determine the associations comparing those with either 
taste or smell disorders to those without these disorders. A Multivariable logistic 
regression analyses were  performed to examine the effects of E-cigs on having taste or 
smell disorders after adjusting for age, gender, education, poverty level, frequent nasal 
congestion in past 12 months, dry mouth, nasal congestion, history of wisdom teeth 
removal, history of tonsils removal, history of head injury/loss of consciousness, history of 
broken nose/serious injury to face/skull, history of two or more sinus infections, history of 
3 or more ear infections, history of tube placed in the ear. Another multivariate analysis 
was done to examine the effects of E-cigs on having taste or smell disorders, after 
removing the non-significant variables, except for ‘age’. We maintained the age variable in 
the new analysis due to its importance as a known confounder for sensory disorders The 
results were reported as odds ratio with 95% confidence intervals, and p-value less than 








About 60% of the study population was between 40 and 59.5 years. The study population 
included more females (52.77 %) than males (47.23 %). Based upon type of smoking in past 5 
days, subjects were categorized as No tobacco smoking, E-cigs, Cigarettes, Cigar/Hookah/Pipe 
and Smokeless tobacco. Most of the study population had not smoked tobacco in the last 5 days 
(80%). The most frequently smoked tobacco was cigarettes (15%), while 2-3% of the population 
smoked each of the other tobacco products. The majority of the subjects were infrequent drinkers 
(69.75%), with only 30.25% with having weekly drinking habits. Most subjects were college 
graduates or above (62.17%) and belonged to the high-income category (44.14%). Almost 27% 
of the subjects reported having smell disorders, while 6% of the participants reported having a 
taste disorder. 
Table 2. shows the bivariate analysis comparing those with a smell problem to those without one, 
for the covariates. Subjects with smell disorders were mostly females, the majority of them were 
other Hispanics or Non-Hispanic blacks. These subjects also were more likely to have conditions 
such as persistent cold or flu, dry mouth, frequent nasal congestion, tonsillectomy, head injury, 
skull-nose injury, sinus infections, ear infections. Age, education level, income, history of 
wisdom tooth extraction, history of ear tube placement, history of cancer and history of smoking 
in past 5 days were not significantly related with having taste disorders.  
Bivariate analysis comparing those with a taste disorder alone, to those without a taste disorder is 
shown in Table 3. Subjects with taste disorders were more likely to be females, Mexican 
American, and with 1/3 of the participants having a history E-cigs use in the past 5 days. Alcohol 
drinking, income and conditions such as persistent cold & flu, dry mouth, frequent nasal 











compared to non-smokers. However, no significant association was found with other forms of 
smoking for development of smell disorders. 
The FDA asserted to regulate all forms of tobacco products in 2016. However, in 2017, the FDA 
announced that it would delay any regulatory process for E-cigarettes until 2022. Hence, public 
healthcare professionals should refrain from encouraging their use. The oral cavity is the first 
point of contact for any form of tobacco products; hence, its ill effects on oral tissues are of 
relevance. Our study is the first study to examine the relationship between E-cig use and 
development of taste or smell disorders. 
Like any other study, our study is not free of limitations. First, our study is a cross-sectional 
survey, therefore a temporal relationship cannot be established between E-cig use and 
development of sensory disorders. We conducted our analysis with only 52 E-cig users; 
therefore, small sample size is another major limitation of our study. Most of the E-cig users are 
younger than 40 years old, however our participants are above 40 yrs. of age. This age restriction 
was necessary because information was not collected on our primary outcome variables of self-
reported taste or smell disorders for those under the age of 40. This limited our ability to examine 
the relationship between E-cig use and the development of taste or smell disorders in the entire 
adult target population. This also indicates the plausibility of having taste or smell disorders in 
these participants could be due to other factors acting cumulatively, rather than E-cig use itself.  
Our E-cigarette smoking variable is based on history of E-cig smoking in the past 5 days, which 
reflects a short duration of E-cig exposures on oral and olfactory organs, and only focuses on 
current smoking status rather than former status. Therefore, we expect future research should 




longer duration of history of E-cig smoking. We also look forward to seeing future research 
which focuses on whether these sensory disorder relationships with E-cigs use are reversible 
with cessation of smoking, or if this is a permanent disability, affecting the quality of life long-
term. More longitudinal and controlled studies are required to assess the possible link between e-
cigarettes and sensory disorders. 
Conclusion - In this cross-sectional study, we report that E-cig and smokeless tobacco, and to a 
lesser degree cigarette use, appear to be the most important determinants of taste disorders, with 
contribution from associated conditions such as persistent cold or flu, and dry mouth. We also 
found that unlike Cigar/Hookah/Pipe use, E-cig use is not associated with development of smell 
disorders.  These findings can help healthcare professionals refrain from promoting E-cigarettes 
as having the potential to benefit the smokers if used as a complete substitute for regular 
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